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USE OF CYTOKINES AND MITOGENS TO INHIBIT 
GRAFT VERSUS HOST DISEASE 

FIELD OF THE INVENTION 

The field of the invention is generaiiy reiated to pharmaceutical agents usefu. in treating graft-versus- 
host disease (GVHD) in patients that have received allogenic bone marrow transplants. 

BACKGROUND OF THE INVENTION 

Organ transplantation is now used with great success to improve the quality of human Hfe. Substantial 
progress has been made in using kidneys, hearts, and livers from unrelated IndMduals. However, 
transplantation of hematopoietic stem cells from an unrelated (or allogeneic) donor is a more 
complicated endeavor. Here mulUpotent stem cells which have the capacity to regenerate all the 
blood-forming elements and the Immune system are harvested from bone marrow or peripheral blood 
from one individual are transferred to another. However, histocompatibility deferences between donor 
and recipient results in a higher incidence of transplant-related complications, and has limited the use 
of this procedure (Forman et al., Blackwell Scientific Publications. 1994). 

It is unfortunate that only few individuals are candidates for allogeneic hematopoietic stem cell 
transplanted at the present time because the spectrum of diseases treatable by this procedure has 
steadily increased. These diseases now include hematologic malignancies such as the acute or 
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chronic leukemias, muitipie myeloma, myelodysplastic syndromes; lymphomas; and the severe 
anemias such as aplastic anemia or thalassemia. 

Allogeneic stem cell transplantation begins with treatment of the recipient with a highly 
immunosuppressive conditioning regimen. This is most commonly accomplished with high doses of 
chemotherapy and radiation which effectively kill all the blood forming elements of the bone marrow. 
Besides preparing the recipient bone marrow for donor stem cell transplantation, the conditioning 
regimen serves to Rill much of the malignancy that remains in the body. The period of time between 
the completion of the conditioning regimen, and engraftment of the donor stem cells is the most 
dangerous for the recipient. It Is during this time that the patient is completely immunocompromised 
and susceptible to a host of life-threatening Infections. This vulnerability persists until the grafted 
donor stem cells proliferate and differentiate into the needed white biood celis and immune cells 
needed to combat infections. 

Moreover, donor stem cell preparations generally contain immune cells ca.led T .ymphocytes. Unless 
the donor stem celis originate from an identical twin the transferred T cells turn against the recipient's 
tissues end trigger a deadly ailment called gran versus host disease (or GVHD). This is because the 
donor T lymphocytes recognfee histocompatibility antigens of the recipient as foreign and respond by 
causing multi-organ dysfunction and destruction. 

Current techniques of immunosuppression have made allogeneic stem cell transplantation from a 
related, hlstocompatible (HLA-matched) donor much safer than it once was. Allogeneic stem cell 
transplantation from an unrelated. HLA-matched donor is commonly complicated by serious, often 
fatal GVHD. The threat of GVHD is even higher when the stem cell donor Is HLA mismatched. 

Since only 30% of patients in need of allogeneic stem cells will have a sibling with identical 
histocompatibility antigens (Dupont. B.. Immunol Reviews 1 57:12. 1997). there is a great need to 
make HLA-matched unrelated, and HLA-mismatched transplantation a safer procedure. There have 
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coo^i^ngT^phocy.esandmeseco^hasbeen.oin^.heTce.ssc^ycanao,^ 
the recipient. 

in the 1970-s it became evident that ex-vivo removai of mature T lymphocytes from a bone marrow 
graft prior to translation dramatically decreased or prevented GVHD in animals receiving marrow 
grafts across major histocompatibility barriers (Rodt, H. J. Immunol 4:25-29, 1974; and 4 Vallera 
Transplantation 37:218-222. 1981). However, with T cell depletion the incidence of graft failure, graft 
rejection, relapse of leukemia, and viral-induced rympho-proliferatfce disease markedly increased 

al. Ann intern Med 108:806-814. 1988; and Lucas et al. Blood 87:2594-2603. 1996). Thus, the 
transplantation of donor T cells on the stem cells has beneficial as well as deleterious effects. One 
needs the facilitating effect of the T cells on the engraftement of stem cells and the now well 
recognized graft-versus-tumor effects, but not graft-versus host disease. 

Several approaches have been used to decrease T cell actuation. Tnese include: 1) in vivo 
immunosuppressive effects of drugs such as FK506 and rapamycin (Blazar et al. J. Immunol 
753:1836-1846. 1994; Dupont et al. J. Immunol 744:251-258. 1990; Morris. Ann NY Acad Sci 
685:68-72. 1993; and Blazar et al. J Immunol 151 :5726-5741 . 1993); 2) the in vivo targeting of 
GVHD-reactive T cells using intact and F(ab')2 fragments of monoclonal antibodies(mAb)reactive 
against T ce.l determinants or mAb linked to toxins (Gratama et al. Amj Kidney Dis 1 1:149-1 52. 1984; 
Hiruma et al. Blood 79:3050-3058. 1992; Anasetti etal. Transp/anfaf/on 54:844-851. 1992; Martin et al. 
Bone Marrow Transplant 3:437-444. 1989); 3) inhibition of T cell signaling via either ^cytokine 
receptor interactions (Herve et al. B/ood 76:2639-2640. 1990) or the inhibition of T cell activation 
through blockade of co-stimulatory or adhesogenic signals (Boussiotis et al. J Exp Med 1 78:1753- 
1763. 1 993; Gribben et al. Blood 97:4887^893. 1996; and Blazar et al. Immunol Rev 1 57:79-90. 
1997); 4) the shifting of the balance between acute GVHD-inducing T helper-type 1 T cells to 
anti-inflammatory T helper-type 2 T cells via the cytokine milieu in which these cells are generated 
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(Krenger et al. Tnsnsplantatbn 58:1251-1257, 1994; Blazar et al. Blood 88:247. 1996, abstract; 
Krenger et al. J Immunol 153:585-593. 1995; Fowler et al. Blood 84:3540-3549, 1994); 5) the 
regulation of alloreactive T cell activation by treatment with peptide analogs which affect either T cell 
receptor/major histocompatibility complex (MHC) interactions, class II MHC/CD4 interactions, orclass 
I MHC/CD8 interactions (Townsend and Komgold (unpublished data)); and 6) the use of gene therapy 
to halt the attack of donated cells on the recipient's tissues (Bonini et al. Science 276:1719-24, 1997). 

There is suggestive evidence that the T lymphocytes from non-identical donors can become tolerant to 
the recipient's tissues. Unlike patients who receive solid organ allografts for whom life-long 
immunosuppressive therapy is needed to control chronic rejection, there is evidence of immunologic 
tolerance with stem cell allografts. The majority of these patients can be withdrawn from immune 
suppression without further evidence of GVHD (Storb et al. Blood 80:560-561, 1992; and Sullivan et al. 
Semin Hematol 28:250-259. 1 992). 

immunologic tolerance is a specific state of non-responsiveness to an antigen. Immunologic tolerance 
generally involves more than the absence of an immune response; this state is an adaptive response 
of the immune system, one meeting the criteria of antigen specificity and memory that are the 
hallmarks of any immune response. Tolerance develops more easily in fetal and neonatal animals 
than in adults, suggesting that immature T and B cells are more susceptible to the induction of 
tolerance. Moreover, studies have suggested that T cells and B cells differ in their susceptibility to 
tolerance induction. Induction of tolerance, generally, can be by clonal deletion or clonal anergy. In 
clonal deletion, immature lymphocytes are eliminated during maturation. In clonal anergy. mature 
lymphocytes present in the peripheral lymphoid organs become functionally inactivated. 



Following antigenic challenge stimulation. T cells generally are stimulated to either promote antibody 
production or cell-mediated immunity. However, they can also be stimulated to inhibit these immune 
responses instead. T cells with these down-regulatory properties are called "suppressor cells". 
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Although it is known that T suppressor cells produce c^okines such as transfonning growth factor 
beta (TGF-beta). interleukin 4 (Ib4) or interleukin (IL-10) with immunosuppressive effects, until 
recently the mechanisms responsible for the generation of these regulatory cells have been pooriy 
understood. It was generally believed that CD4 + T cells induce CD8- T cells to develop 
down-regulatory acuity and that interieukin 2 (.L-2) produced by CD4 + cells mediates this effect. 
Although most immunologlsts agree that «L-2 has an important role in the development of T 
suppressor cells, whether this cytokine works direcUy or indirectly is controversial (Via et al. 
Internationa, Immunol 5:565-572. 1993; Fast, J Immunol 149:1510-1515. 1992; Hirohata et al. J 
, m/nu „ 0 , 142:3104^ 

Proc. Natl. Acad. Sci. USA 92:10985-10989. 1995). Recentiy, IL-2 has been shown to induce CD8+ 
cells to suppress HIV replication in CD4-T cells by a non-lytic mechanism. This effect is cytokine 
mediated, but the specific cytokine with this effect has not been identfied (Barker eteUlmmuno, 
1 56:4476-83. 1996; and Kinter et al. Proc Natl Acad Sci USA 99:10985-9 1995). 

Amodel using human peripheral blood lymphocytes to studyTcelVB cel. interactions in the absence of 
other accessory cells has been developed (Hirokawa et al. J. Immunol 149:1859-1866, 19??). With 
this model It was found that CD4 + T cells by themselves generally lacked the capacity to induce CD8 + 
Tcellstobecomepotentsuppressorcells. Tne combination of CD8 + T cells and NK cells, however, 
induced strong suppressive activity (Gray et al. J Exp Med 180:1937-1942. 1994). It was then 
demonstratedthatthecontribution of NK cells was to produce TGF-beta In its active form. Itwasthen 
reported that a small non-immunosuppressive concentration (10-100 pg/ml) of this cytokine served as 
a co-factor for the generation of strong suppressive effects on IgG and IgM production (Gray et al. J 
Exp Med 180:1937-1942, 1994). Further, it was demonstrated that NK cells are the principal 
lymphocyte source of TGF-beta (Gray et al. J Immunol, 160:2248-2254,1998). 

TGF-beta is a multifunctional family of cytokines important in tissue repair, inflammation and 
immunoregulation (Border et al. J Clin Invest 90:1-7, 1992; and Spom et al. J Cell Biol 105:1039-1045. 
1987). TGF-beta is unlike most other cytokines in that the protein released is biologically inactive and 
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SUMMARY OF THE INVENTION 

the traated calls to donor stem cells prior to introduction Into me patient. 

compose. Tho^nayadditonally^rnpHsingwriten^cUonsandre.gonts. Thecel! 

an^s.andanexupor.adap^.oanabte^atieas.apor.tono^ece.tstoareolpien, 
patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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F « ure s,Aa n ,1Bdep^a,TO F . P c a nup re0 u, ate ex PreSSi o„ Ot CP40U Ba nd ( CD40L)onTc ell s. 

ofTGF-p Merehoursm^lswe.s^-an^La^, ,„ the absence of TGF-B, 
there were 30% positive cells (solid line, panel A). W* , MmW -10M.-% — «* — 

CD8- cells were emulated for 24h o U rs-ConA(5 MS / m ,) ± T G F- P (10 P9 .r„l. ± IL-2(10U,. 
Ounnothe lasted, monensin (2 ,M, was also present to prevent cytCne release. The cells 
were fi rs, stair*d w»h an«^e 9 lo dMnoulsh the °* ™n thee* were ««,d«% 

intheprsenceorabsencsofTOF-P^I,. In the absence of TGF-B. 38% of the - - 
positive (panel A, solid line) whereas with TGF-B, 53% were positive (panel B. solid line). 

indicated chines. Afl« 48 hours, the ce»s were v^hed and a«er a further 3 days, assayed tor 

cl ^*«»-^l^-^- W(,4, * M> " ,W^(,,0 

cells. AFterSdaysofculture.cyto.oxicad.l.i.y was determihed us^g "Cr^belled stl^tor ConA 
blasts as target cells. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention a.lows forthe transfer of histoincompatib.e stem cells to humans with a variety 



-8- 



WO 99/48524 



PCT/US99/04630 



20 



immune response. 

treatment of l^eatening diseases would be a n*stone h medicine. 
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and preventer donor cells frcm mounts an immune atfcckagatos. therein, host. The net 
, esu „, s former lymphocytestobe^^ 
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rr:r 

surveillance ce..s to prevent an immune attack. 

i;^™— 

lalw ce»s to p re »e n .o« 1 erdo„o I ce llS *o m * are *e nt c»s. These results lead to 

amelioration of a GVH response, tpp ft on the cells' as depicted in the figures, the 

cyto ,o,ca^raa,oc 0 ,resaresu, l o ft hee ff e*TGP-pen»»ce» S . 

cells, and enhances IL-2 expression. 
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foreign antigens. 

J,*— .-«.-~^-*~"— — 

otth6P a« M , k nown^a rt . FW «a m p te . G VH D0 =n K a» y a*»sas Wn r= S , ii n 

and primates, 
a— as. 

a.pa„— T^oaaas**— a Wm ,e 
^aPBMOs^apa.^^^— — 

,^ n a ra ^asa m p 1 ac m p^ lh a PB MCscan l ,ap re ^,aw W ava ri aV0 f wa y a.Oana^ 
resuspended in buffer. 
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The PBMCs are generally concentrated for treatment, using standard techniques in the art. In a 
preferred embodiment, the leukophoresis collection step results a concentrated sample of PBMCs, in 
a sterile leukopak, that may contain reagents or doses of the suppressive composition, as is more fully 
outlined below. Generally, an additional concentration/purification step is done, such as Ficoll- 
Hypaque density gradient centrifugation as is known in the art. 

in a preferred embodiment, the PBMCs are then washed to remove serum proteins and soluble blood 
components, such as autoantibodies, inhibitors, etc.. using techniques well known in the art. 

Generally, this in^^ ""^ 
be repeated as necessary. They can be resuspended in physiological media, preferably AIM* serum 
free medium (Life Technologies) (since serum contains significant amounts of inhibitors of TGF-B) 
although buffers such as Hanks balanced salt solution (HBBS) or physiological buffered saline (PBS) 
can also be used. 

Generally, the cells are then counted; in genera, from 1 X 1* to 2 X 10' white blood celis are coHected 
from a 5-7 liter leukophoresis step. These cells are brought up roughly 200 mis of buffer or media. 

In a preferred embodiment, the PBMCs may be enriched for one or more cell types. For example, the 
PBMCs may be enriched for CD8 + T cells. CD4 + T cells or. in the case of stem cell Isolation as is 
more fully described below. CD34+ stem cells. This is done as is known in the art, as described in 
Gray etal. (1998). J. Immunol. 160324B, hereby incorporated by reference. Generally, this is done 
using commercially available immunoabsorbent columns, or using research procedures (the PBMCs 
are added to a nylon wool column and the eluted. nonadherent cells are treated with antibodies to 
CD4. CD16. CD1 1b. and CD74, followed by treatment with immunomagnetic beads, leaving a 
population enriched for CD8+ T cells). In one embodiment, cell populations are enriched for CD8+ 
cells, as these appear to be the cells most useful in the methods of the invention. However, one 
advantage of using PBMCs is that other cell types within the PBMC population produce IL-10, thus 
decreasing or even eliminating the requirement of the suppressive composition comprising IL-10. 
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Once the cells have undergone any necessary pretreatment, the cells are treated with a suppressive 
composition. By "treated" in this context herein is meant that the cells are incubated with the 
suppressive composition for a time period sufficient to result in T cell tolerance, particularly when 
transplanted into the recipient patient. The incubation will generally be under physiological 
5 temperature. 

By "suppressive composition" or "tolerance composition" is meant a composition that can induce T cell 
tolerance. Generally, these compositions are cytokines. Suitable suppressive compositions include, 
but are not limited to. IL-10, IL-2 and TGF-p. A preferred suppressive composition is a mixture of IL- 
10 and TGF-p. 

10 The concentration of the suppressive composition will vary on the identity of the composition, but will 
generally be at physiologic concentration, i.e. the concentration required to give the desired effect, i.e. 
an enhancement of specific types of regulatory cells. In a preferred embodiment. TFG-P is used in the 
suppressive composition. By "transforming growth factor -P" or "TGF-P" herein is meant any one of 
the family of the TGF-ps. including the three isoforms TGF-P1 , TGF-P2, and TGF-P3; see Massague. 

15 (1980), J. Ann. Rev. Cell Biol 6:597. Lymphocytes and monocytes produce the 111 isoform of this 

cytokine (Kehrl et al. (1 991 ). Int J Cell Cloning 9:438-450). The TFG-P can be any form of TFG-p that 
is active on the mammalian cells being treated. In humans, recombinant TFG-p is currently preferred. 
A human TGF-P2 can be purchased from Genzyme Pharmaceuticals. Farmington. MA. In general, the 
concentration of TGF-p used ranges from about 2 picograms/ml of cell suspension to about 2 

20 nanograms, with from about 10 pg to about 500 pg being preferred, and from about 50 pg to about 150 
pg being especially preferred, and 100 pg being ideal. 

In a preferred embodiment, IL-10 is used in the suppressive composition. The IL-10 can be any form 
of IL-10 that is active on the mammalian cells being treated. In humans, recombinant IL-10 is currently 
preferred. Recombinant human IL-10 can be purchased. In general, the concentration of IL-10 used 
25 ranges from about 1 U/ml of cell suspension to about 100. with from about 5 to about 50 being 
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preferred, and with 10 U/ml being especially I"*"™'- 

-*'*^ h ^ , -^ ,La,, " ,,,, * 

preferred. R eco mbl nan,„ Uma n,L- 2 c a n te p U n.asod fr o m Ce.s, Em e iy v» te .CA. ,n genera,, the 

preferred embodiment IL-2 is not used alone, 
preferred embodiment utilizing a mixture ofTGF-P and 1-10. 

The suppressive composition is Incubated with the donor cells and a population of irradiated PMBC 
-•^^^^--^-"^"^ 

although both shorter and longer time periods are possible. 



In one 



remove the suppressive composition. 

Thenasecond step comprising „b*,n m g a populate, donor hema.opo,e«c stem ceilsfrom 
grated bone marrow or PBMCs. Stem cells cw^ * ve* smai, percentage o, the white biood 
cells ,n blood, and are isolated as is Known in the art. .or example as desc*ed In U.S. Patent No, 
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5 635 387 and 4.865,204. both of wh,ch are MfnM by reference In .heir e^rety. or harvested 
using commercial systems such as those sold by Nexell. As outlined above. CD34+ stem cells can be 
concentrated using affinity columns; the elated c^ls are a mixture of CD34, stem cells and 
lymphocytes. The contemWng lymphocytes are generally be removed using known techniques 
such as staining with monodonel antibodies and removal using conventional negative selection 
procedures. 

Once me CD34* stem cells have been isolated, they may be mixed wHh the donor cells previously 
treated with the suppressive composition and immediated introduced into the recipient patient. 

,„ one embodiment, the ceils are treated foraperiod of time, washed to remove «,e suppressive 
composition, and may additionally reincubated. The cells are preferably washed as outlined herein to 
remove the suppressive composition. Further fccuba.k,ns for testing or evaluation may afco be done, 
ranging in time from a few hours to several days. If evaluation of any cellular characteristics prior to 
introduce toepa«en.is des«*b,e.the cells may be incubated for several days to several weeks .0 
expand numbers of suppressor cells. 

Once the cells have been treated, they may be evaluated or tested prior to transplants into the 
patient. For exam P .e.asamp.e may be removed to do:sterility testing; gram staining, microblologica. 
studies; LAL studies; mycoplasma studies; flow cytometry to identify cell types; functional studies, etc. 
Similarly, these and other lymphocyte studies may be done both before and after treatment. A 
preferred analysis is a test using .abeled recipient cells; incubating the treated tolerant donor cells with 
a labeled population of the recipient cells will verify that the donor cells are tolerant and won't kill the 
recipient cells. 

In a preferred embodiment, the treatment results in the condrtioning of the T cells to become non- 
responsive to histocompatibility antigens of the recipient so that GVHD is prevented. 
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,„ aprefe ^e^d 1 n«t^ to ^sp te n^n>eamou n .o,.o a ior a o,WeT G F. P can a , S obo 

W er.hec e »«t. Ul edon W ^,sara h e ra plante dlnto tt<e re d»,len.pa to t-meMHCd te ss, 
a „ddass ll p rofi leso,bo m «>edonorand. te ^n. are de,erm 1 ne d .Pre fera b,».a„on«la to d 
toorisfound^prefemblyma^^recip.en.sHLAa^gan^a.maym^a.pne^™™ 
UI|M donor cannot beiden«ed. The recipient patient has generally undergone bone 

* and usuan, comprises *c* or infroducfcg •» «* <°>° •» ^ 8rt aS ™" * 
appreciated by those in .hear.. This may be done via Wravascuiar a dminis«on. Eluding 

intravencnKor^ena^^ 

may be pieced in a 50 mo, Fenwall infusion bag by injectton using sterile syringes or other stenle 

Um e, sue* as1 5m inutes.*toafree flow ^^^^^ 
reagents such as buffers or salts may be added as well. 

is generally outlined above and known in the art. 

receives a transfusion of unconditioned donor fymphocyles which recognize tr* leukemic cells «s 
foreign and kill these cells. 

in a preferred embodiment, the invention further provides kits for the practice of the methods of the 
invention, i.e.. the incubation of the cells with the suppressive compositions. The kit may have a 
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^madono, ™.con,a,ners h ou,d — 

usinganWetpo* 1 no t he I e m «n,e„ te .asepa rate c el ,c».ec«on 0 on t a, ne r m a yM u Mtl . 

— con.*ernn ay va ty .3s wMb eapp re c l a t ea b y t Ho Se , 
.near, Geneve — .ay.e.anu^ror^ran.^^in^nsx^^.-a, 

one or nwe inle. or ou«e. ports. fo r .be Intro^on or remov* 0, «* 
container may comprise an adapter for aHachmentto an IV setup. 

0,00. Insomecases.nnuKplados^maybeWuda,. ,n one embodiment .he dose may be added 
^^^^^.^^^^^^^ 

media, prolate, drugs, ate. For example, mitogens can be Included. 

,„ some embodiments, me Hi. may additional comprise «*«en Instructions fcr us,ng me k l<s. 
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^.n.und^m^eseexa^es, noway serve ,0 ,» »e tnae scope otthis 
incorporated by reference in their entirety. 

EXAMPLES 



Example 1 

Donor^hc^c^o.realnenttopreventan.mmu.e.t.aokaaains. 
blood cells from an unrelated recipient 

008-Tcells were n*-. — —* »,,s the rec,,.,. T.a—tor cel. were 
T cells to kill recipient cells, in Figure 4B. 

Cl »red wKhirradiated s« m ula«or cells for 5 days. ^en,he donor oe»s were 0,1^^4 hers* 

V«»n the cells an, K«led they release 

ra di oi so^e W o,hecu, ture n-u m .Byde« 

calculate^pe^eCcellsKllled. Inthe standard cytology assay shown In Fi a ure1. donor 
cells were cultured with labeled recipient cells in 30 to 1 . 15 to 1 , and 7.5 to t ratk*. These 
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various symbols. As expected, maximum killing was seen at the highest effector to target cell ratio. In 
panel A. the open circles shows that if 30 donor cells were mixed with 1 recipient cell, 40 percent of 
the recipient cells were killed. When donorTcells were conditioned with very small concentrations of 
TGF-p (0.01 or 0.1 nanograms per ml), they had no effect on killing. However, if the T cells were 
treated with 1 nanogram per mi of TGF-p, the killing of recipient cells decreased by 50 percent. Panel 
Bshows that if theTcells were treated with IMO. kihing also decreased by 50%. .f the T cells had 
been conditioned with both IL-10 and TGF-P at 1 nanogram per ml. these cells completed blocked the 
killing of recipient cells; killing was almost undetectable. Various combinations of mitogens, cytokines, 
and monoclonal antibodies can be used to make T cells non-responsive. 



Example 2 

CD8 + T cells from the donor conditioned ex vivo to prevent other donors T cells from mounting an 
attack against blood cells from an unrelated recipient. 

A blood sample from a donor was obtained and lymphocites prepared. CD8V T cells were mixed with 
irradiated stimulator cells of the recipient and either TGF-P ( picograms per ml) or IL-12 100 U/ml. IL- 
12 is known to enhance the ability of CD8 + T cells to develop the capacity to kill. Here .L-12 was used 
to show that a given population of CD8+ cells can be induced to kill or to block killing depending upon 
how they are activated. Other CD8+ cells were cultured In culture medium only as a control (CDS 
med). 

The CD8+ T cells, the stimulator cells and the cytokines were cultured for 48 hours and the cytokines 
were removed from the cultures by washing. This procedure not only abolished the potential of the 
TGF-p conditioned CD8+ cells to kill the recipient cells, but also induced them to prevent other donor T 
cells from killing the recipient cells (Figure 4C). 

To enable the donor T cells to recognize and kill recipient blood cells, the donor cells were cultured 
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^,^ed«.orce, 1Sfo r^d a ys.^„me<<o TO r^we re ^ re d^4h 0 u ra »*,a 

«* when no CD8* calls were added. A, a 30:1 effector ,0 targeted, ration. 30% of the redpienfs 
ecus were killed. lfCD8+ ce»s1hathad been cultured for48 hou* without cytokines were added, 
there was no change in the killing (CD8+ +Med, solid circles). If the CD8+ cells had been conditioned 
„Kh TGF-B, killing was suppressed by about 50%. However, the CD8+ T cells conditioned with TGF- 

other T cells to kill blood cells of the recipient. 



Example 3 

Treating a patient with chronic myelocytic leukemia with the stem cells 
from a histoincompatible donor: tolerization with mitogens 

The harvested PBMC of the donor are placed in a sterile container in HBBS as in Example 1 The cells 
are then incubated with mitogens to induce lymphocytes to become non-responsive to 
histocompatibility antigens of *e recent, .n ^ ^ 

concentrations of con^^ ^ 
concentration of Con A used can range from about 0.01 to about 1 0 micrograms/m. with 1 
microgram/m. being presently preferred. Alternatively. SEB may be used as the mitogen at 
concentrations of 0.001 to 1 00 ng/ml. 

The incubation of the mononuclear cells in the mitogen solution increases the population of T 
suppressorcells. These cells, when transferred to the recipient, will enable the stem cells to engraft 
without causing GVHD. Although it is not known how the mitogens work, it is believed to induce the 
production of TGF-beta by certain mononuclear cells in preparation, and the TGF-beta acts on T cells 
to become suppressor cells. 
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After the cells have been incubated with the mitogens, the cells are washed with HBBS to remove any 
mitogens that are in the solution. The cells are suspended in 200-500 ml of HBBS. mixed with the 
stem cells and administered to a patient with CML who has been treated with myeloablative agents to 
prepare the stem cells for engraftment. 

Once the donor hematopoietic cells lymphocites engraft in the recipient, and the patient again 
becomes healthy and free of leukemic cells. If the leukemic cells recur, the patient receives a 
transfusion of donor lymphocites and the leukemic cells again disappear. 

Example 4 

Treating a patient with chronic myelocytic leukemia 
with the stem cells from a histoincompatible donor: tolerization 
with anti-CD2 monoclonal antibodies. 

The harvested enriched stem cell preparation of the donor are placed in a sterile container in HBBS as 
in Example 1 . The cells are then incubated with anti-CD2 monoclonal antibodies to induce 
lymphocytes to become non-responsive to histocompatibility antigens of the recipient. In this case, the 
cells are incubated with anti-CD2 monoclonal antibodies for 4 to 72 hours using standard incubation 
techniques. The concentration of anti-CD2 monoclonal antibodies are 10 ng/ml to 10 ug/ml. 
Optionally. 1-1000 units of IL-2 can be added. 

The incubation of the mononuclear cells in the anti-CD2 solution increases the population of T 
suppressor cells. These cells, when transferred to the recipient will enable the stem cells to engraft 
without causing GVHD. It is believed that incubation with anti-CD2 monoclonal antibodies induces the 
production of TGF-beta by certain monuclear cells in preparation, and the TGF-beta acts on T cells to 
become suppressor cells. 

After the cells have been incubated with the anti-CD2 monoclonal antibodies, the cells are washed 
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with HBBS to remove antibodies that are in the solution. The cells are suspended fn 200-500 ml of 
HBBS mixed with the stem cells harvested previous!/ and administered to a patient with CML who has 
been treated with myeloblalive agents to prepare the stem cells for engraftmenl. 

once the donor hematopoMc cells lymphocytes engraft in the recipient and the patlentagain 
becomes healthy and free o, leukemic cells. If the leukemic cells recur, the patient receives a 
transfusion of donor lymphocytes and the leukemic cells again disappear. 

Example 5 . 
Treating a patient with chronic myelocytic leukemia 
With the stem cells from a histoincompatible donor, tolerization 
With mitogens and cytokines. 

The harvested PBMC of the donor are placed in a sterile container HBBS as in Example 1. The cells 
are then incubated with cytokines and mitogens to induce .ymphocytes to become non-responsive to 
histocompatibility antigens of the recipient. In this case the cells are incubated with physiological 
conc«ntrationsofConAorSEB^^^ 
incubation techniques. 

After the cells have been incubated with the cytokines and mitogens, the cells are washed with HBBS 
to remove any cytokine and mitogen that are In the solutton. The cells are suspended in 200-500 ml of 
HBBS mixed with the stem cells and administered to a patient with CML who has been treated with 
myeloabative agents to prepare the stem cells for engraftment. 

Once the donor hematopoietic cells and lymphocytes engraft in recipient and the patient again 
becomes healthy and free of leukemic cells. If the leukemic cells recur, the patient receives a 
transfusion of donor lymphocytes and the leukemic cells again disappear. 
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Example 6 

Treating a patient with chronic myelocytic leukemia 
With the stem cells from a histoincompatible donor; tolerization 
With a mitogen and cytokine. 

^rethenlncubated w ,mac ytoW neanda m no 9e n t oinduce, m ph=c^ t o^ 
In another case, SEB could be used. 

HB BSm*edw»h stem cells and administered .0«L-*b-««— h 

n^eloabtatlve agents to prepare the stem cells for engraftment. 

Example 7 

Treating a patient with chronic myelocytic leukemia 
Who has developed GVHD Mowing the stem cell transplant. 



ir subset 



PMMCs or separated CDS* T cells (or the specific suppressor cell precursor s 
CP^SRMC^prepare^y^^ 
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After 



Incubation v* the cytokines or mitogens for a period of time ranging fmm 4 hours to 72 hours, 
conditioned T cells migrate to lymphoid organs and suppress the GVHD. 



These 



Besides chronic myelocytic leukemia, other hematologte malignancies such as acute and chronic 
leukemias. lymphomas, solid tumors such as breast carcinoma or renal eel! carcinoma among a few , 

with mismatched allogeneic stem cells. 

Aether aspect of this invention is a kit to perform the ceil Incubation with the oytottes. The kit 
comprises asterile i„cuba«ngcon te inerwi»,u,e appropriate concentraUon of cytokines preloaded 
witl* the container, in one embodiment of the kit, the cytokines are present In lyophilted form in the 
container. The container is preferably a baQ, similar to an IV bag. The lyophilized cytokines are 
reconstituted with HBBS and then the celts are injected into the container and thoroughly mixed and 
incubated. In another embodiment of the invenBon the cytokines are already * solutton within the 
container and ai, thathas to be done is the Injection of washed atom cell preparation and Nation. 
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What is claimed is: 

1 . A method for inducing T cell tolerance in a sample of ex vivo peripheral blood mononuclear cells 
(PBMCs) comprising adding a suppressive composition to said cells. 

2. A method for treating donor cells to ameliorate graft versus host disease in a recipient patient 
comprising: 

a) removing peripheric blood mononuclear cells (PBMC) from a donor. 

b) treating said cells with a suppressive composition for a time sufficient to induce T cell 
tolerance; and 

c) introducing said cells to said patient. 

3. A method according to claim 1 or 2 wherein said suppressive composition comprises TGF-p. 

4. A method according to claim 1 or 2 wherein said suppressive composition comprises a mixture of 
1L-10 and TGF-p. 

5. A method according to claim 2 wherein said method further comprises adding said cells to donor 
stem cells prior to Introduction into said patient. 

6. A kit for the treatment of donor cells comprising: 

a) a cell treatment container adapted to receive cells from a donor; and 

b) at least one dose of a suppressive composition. 

7. A kit according to claim 6 further comprising written instructions for the method of treating. 
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9. A kit coming lo claim 6 v-herein said dose is in a lyophillzed form. 



,„ enable the removal of a fraction of said cells for analysis. 

1 2 .A«^»-*•^•~--^^•^*™ ,,,,,,,,,,- ' 

portion of said cells to a recipient patient. 



13. A kit according to claim 6 wherein 



said suppressive composition is a mixture of IL-10 and TGF-p. 



-26- 



WO 99/48524 



1/4 



PCI7US99/04630 




FIG.-1A FIG.-1B 



ANTHL-2 

40 jhiihii ii i|i i u i |" i m|»m»H, 




1000 



ANTML-2 

40 ~q 1 1 1 1 1 1 1 1 • 1 1 j 1 1 1 1 1 j 1 1 1 1 




1000 



FIG.-3B 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 99/48524 



PCT7US99/04630 



2/4 



ConAFITC/PECtl. 



1000-3 




nn *\ kM 1 1 1 1 1 1 1 1|. 



0 -Z 



i iiiijfTT1> | M i rt | ii ii i|Miii| 



1000 



ConA+TGF(10pg/ml) 



1000 




1000 



C069 

FIG.-2A 



CD69 

FIG..2B 



ConA 



1000- 



- • 


in rniini|iiiii|. 

19%j 

, « jtfS - 


■ ■mm iimmn 



1000 



ConA + IL-2 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 



CD69 

FIG..2C 



1000 




CD69 

FIG.-2D 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 99/48524 



PCTAJS99/04630 



3/4 



75- 



PERCENT 
CYTOTOXICITY 



25- 



n r 

-IL-12+TGFb(10) 



TGFb (10) 



lL . 12 ^^^.....C ,L " 

. 




TGFb (1000)- 



I 

30:1 



MEDIUM- 



I 

15:1 



7.5:1 



FIG..4A 




FIG..4B 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



WO 99/48524 



PCT/US99/04630 



4/4 



50- 
40- 



PERCENT 30- 
CYT0T0XIC1TY 

20- 




CD8VIL-12^*"* ,, *-. a ..PcD8 r +TGF 10 



I 

15:1 



7.5:1 



FIG.-4C 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



INTERNATIONAL SEARCH REPORT 



PCT/US 99/04630 



tpC^6 S ' RC A™1kT9/O0 ECT MA A6 E 1K38/ 18 A61K38/19 A61K38/20 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



IPC 6 A61K C12N 



sd by classification symbols) 



documentation too/chad other than minimum documentation to the extent that such dt 



a included in the fields searched 



Electronic data base consulted during the international search (name of database and, where practical, search te 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Relevant to claim No. 



WO 97 42324 A (SCHERING CORP) 

13 November 1997 (1997-11-13) 
page 1, line 1 - page 4, line 26 
page 12, line 1 - page 15, line 20; 

example 8 

page 52, line 35 - page 53, line 27 
page 34, line 18 - page 36, line 7 

PAWELEC G ET AL: "Cytokine modulation of 
TH1/TH2 phenotype differentiation in 
directly alloresponsive CD4+ human T 
cells.' 

TRANSPLANTATION, (1996 OCT 27) 62 (8) 
1095-101. , XP002113832 
Abstract; Materials and methods starting 
at page 1096; Figures 1-4 



-/-- 



1,6-8, 
10-12 
2-5,9,13 



1,6-8, 
10-12 



2-5,9,13 



|X I Patentfamiry mernbersareUtadin 



*£• e artier document but published on or after the International 
filing date 

*L' document which may throw doubts on pr 



ortedto understand the principle or theory undertying the 

document of particular relevanoe; the dsined invention 
cannot be considered novel or cannot he considered to 
involve an Inventive step when the document is taken atom 



al completion of the international search 



31 August 1999 



Data of mailing of the international search report 

10.09.99 



Nam* and mailing address of the ISA 

European Patent Office, PB. 5618 PatenttaanZ 
NL - 2280 HV Rijswi* 
Tel. (+31 -70) 34O-204O, Tx. 31 fiSI epo nL 
Fax: (+31-70)340-3016 



Authorized offioer 



Muller-Thomalla, K 



FomPCT/ISA/aiOd 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 99/04630 



t) DOCUMENT8 CONSIDERED 



TO BE RELEVANT 



HALVERSON D.C. ET AL: "In vitro 
generation of allospecific human CD8+ T 
cells of Tel and Tc2 phenotype." 
BLOOD, (1997) 90/5 (2089-2096). , 
XP002113833 „ 
Summary and "materials and methods 
starting at page 2089 

OSWALD I P ET AL: "IL-1Q SYNERGIZES WITH 
1L-4 AND TRANSFORMING GROWTH FACTOR-BETA 
TO INHIBIT MACROPHAGE CYTOTOXIC ACTIVITY 
JOURNAL OF IMMUNOLOGY, 
vol. 148, no. 11, 

1 January 1992 (1992-01-01), pages 
3578-3582, XP002062210 
ISSN: 0022-1767 
abstract 

WO 93 17698 A (SCHERING CORP) 
16 September 1993 (1993-09-16) 

page 1, line 8-26 

page 3, line 14 - page 4, line 5 

ZELLER, J. C. (1) ET AL: "Ex vivo I Lie 
and TGF - beta act synergist! cally to 
induce CD4+ alloantigen-specific tolerance 
resulting in diminished graft-versus-host 
disease in vivo." 

FASEB JOURNAL, (MARCH 12, 1999) VOL. 13. 
NO. 4 PART 1, PP. A614. MEETING INFO. : 
ANNUAL MEETING OF THE PROFESSIONAL 
RESEARCH SCIENTISTS FOR EXPERIMENTAL 
BIOLOGY 99 WASHINGTON, D.C. , USA APRIL 
17-21, 1999 , XP002113834 
abstract 



1,6-8, 
10-12 



2-5,9,13 



4,13 



1-13 



Fonn PCT/ISA/210 (oontmualion o» ucond ••»*> (July '992J 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/US 99/04630 



Box I Observation, where certain claim, were found unsearchable (Continuation of Item 1 of first sheet) 



This 



tatomtfomri Search Report has not been established in respect of certain daims under Article 17{2){a) (or the following « 



see FURTHER INFORMATION sheet PCT/ ISA/210 



• D Se^eyrelatetop^^^ 

aTeXtantthat no meaningful International Search can be earned out, specifically. 



L D ^^.^nc^tdaim.and^ 



Observations where unity of Invention is lacking (Continuation of item 2 of first sheet) 



This International Searching 



Authority found multiple inventions in this international application, a 



□ As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
searchable claims. 

> r~| Asalf.earehaHedaiiracouUbaseareh^ 
" 1 — 1 of any additional fee. 



PI As only some ol the required additional search fees "em tmely paid bythe applicant, this International Search Report 
' I I cover, only those claims for which fee* ware paid, specifically claims Mas. : 



r~1 No required additional search fees were timely paid by the appKoart Cw^ntly. this International Search Report is 
1 — 1 restricted to the invention first mentioned in the damns; it is covered by claims Nos.: 



| | The additional search fees were accompanied by the applicant's protest 
| [ No protest accompanied the payment of additional search fees. 



Form PCTflSA/21 0 (continuation of first sheet (1 )) (July 1 998) 



International Application No. PCT/US 99/04630 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.1 

Although claims 2-5 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the 
alleged effects of the compound/composition. 



Continuation of Box 1.1 
Claims Nos.: 2-5 

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 
therapy 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Application No 

PCT/US 99/04630 



Patent family 
members) 



WO 9742324 



13-11-1997 



WO 9317698 



16-09-1993 



AU 


2927597 A 


26-11-1997 


CZ 


9803477 A 


17-03-1999 


EP 


0906428 A 


07-04-1999 


NO 


f\QC i cn A 


HO Ui 1JJJ 


PL 


329732 A 


12-04-1999 


AU 


679908 B 


17-07-1997 


CA 


2131524 A 


16-09-1993 


CN 


1079166 A 


08-12-1993 


EP 


G629130 A 


21-12-1994 


JP 


7504437 T 


18-05-1995 


MX 


9301192 A 


31-08-1994 


NZ 


249754 A 


24-06-1997 


ZA 


9301489 A 


28-10-1993 



Forni PCT/ISA/210 (patent foroily *"»»> I-* 1 * 199z > 



